
Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
20

8 
57

1
B

1
*EP001208571B1*
(11) EP 1 208 571 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
01.10.2003 Bulletin 2003/40

(21) Application number: 00962279.6

(22) Date of filing: 24.07.2000

(51) Int Cl.7: H01B 3/44

(86) International application number:
PCT/EP00/07114

(87) International publication number:
WO 01/008166 (01.02.2001 Gazette 2001/05)

(54) CABLE, IN PARTICULAR FOR TRANSPORT OR DISTRIBUTION OF ELECTRICAL ENERGY AND
INSULATING COMPOSITION

KABEL, INSBESONDERE FÜR TRANSPORT UND VERTEILUNG VON ELEKTRISCHER ENERGIE
UND ISOLIERUNGSZUSAMMENSETZUNG

CABLE DESTINE NOTAMMENT AU TRANSPORT OU A LA DISTRIBUTION D’ENERGIE
ELECTRIQUE ET COMPOSITION D’ISOLATION

(84) Designated Contracting States:
AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU
MC NL PT SE

(30) Priority: 27.07.1999 EP 99202460
30.07.1999 US 146148 P

(43) Date of publication of application:
29.05.2002 Bulletin 2002/22

(73) Proprietor: PIRELLI S.p.A.
20126 Milano (IT)

(72) Inventors:
• MARTINOTTO, Luca

I-20025 Legnano (IT)
• PERUZZOTTI, Franco

I-20025 Legnano (IT)

• DEL BRENNA, Marcello
20149 Milano (IT)

(74) Representative: Marchi, Massimo et al
c/o Marchi & Partners s.r.l.,
Via Pirelli, 19
20124 Milano (IT)

(56) References cited:
EP-A- 0 089 490 DE-A- 2 709 139

• DATABASE WPI Week 7251 Derwent
Publications Ltd., London, GB; AN 79940T
XP002123034 & JP 47 028042 A (FUJIKURA
CABLE WORKS LTD), 1 May 1972 (1972-05-01)
cited in the application



EP 1 208 571 B1

5

10

15

20

25

30

35

40

45

50

55

2

Description

[0001] The present invention concerns a cable, in particular for transport or distribution of electrical energy and
insulating composition used therein.
[0002] In particular, the present invention concerns a cable, in particular for transport or distribution of electrical
energy, preferably at medium or high voltage, comprising an insulating covering consisting of a polymeric composition
comprising at least one polyolefin having improved electrical properties.
[0003] Within the scope of the present invention, "medium voltage" means a voltage ranging from 5 to 35 kV, while
"high tension" means a voltage greater than 35 kV.
[0004] At present, for the production of insulating layers of cables for, transport of energy, cross-linked polyolefins
are preferred. Typically, this polyolefin is a cross-linked polyethylene (XLPE).
[0005] Generally, the covering structure of such cables comprises three different layers of extruded material:

- internal semiconducting layer;
- insulating layer;
- external semiconducting layer.

[0006] This covering structure is generally made by passing a metallic conductor through an extrusion head into
which together flow three extruders (triple-head extrusion), which deposit the aforesaid layers onto the said metallic
conductor in the order indicated above. In the case where it is desired to subject the said external layer to cross-linking,
immediately after the extrusion the cable passes into a suitable device, also referred to as a vulcanising tube, where
the said cross-linking is effected.
[0007] Generally the cross-linking is achieved by via radicals by thermal decomposition of organic peroxides, for
example dicumyl peroxide, tert-butyl cumyl peroxide and the like, which are added to the polyolefin before the extrusion
or injected directly into the extruder.
[0008] The extrusion temperature of the material which constitutes the insulating layer must not exceed the limit
imposed by the decomposition temperature of the peroxide utilised. For example, when dicumyl peroxide is used, the
temperature of the extruder is maintained below 130°C to avoid premature cross-linking of the insulating material.
[0009] Advantageously, the cross-linking process is performed at a temperature ranging from 200 to 400°C and the
time necessary to achieve complete cross-linking of the insulating material varies from case to case depending on
parameters well known to the technician of the field. Preferably, upon completion of the cross-linking, the cable is
subjected to a degassing treatment, generally at a temperature of about 70-90°C, to eliminate decomposition products
of the peroxide such as, for example, methanol and water since their presence within the insulating layer can prejudice
its performance in time. Then, the cable is cooled and collected on reels.
[0010] Finally, the cable is completed by the addition of a metallic screen, an external sheath and, in some cases,
other protective coverings (armouring).
[0011] It is well known that, in general, dielectric strength (DS) values measured on the insulating layer of a real
cable are markedly lower than the values obtained when the same insulating material is in the form of flat samples
(plates). The reasons for these differences are not fully known but it is believed this limitation of the DS values on the
cable may be due to the presence of defects (for example: voids, protrusions, metallic particles and contaminants),
formed in the insulating layer during the extrusion process. The quantity of such defects would increase on increasing
thickness of the insulating layer. The presence of such defects would also be responsible for a considerable diminution
in the lifetime of the cable.
[0012] In the art, various attempts have been described intended to limit the adverse consequences of such effects
by adding small quantities of additives commonly referred to as "voltage stabilizers" to the material which forms the
insulating layer.
[0013] For example, EP-A-0 089 490 and EP-A-0 111 043 teach the use, as voltage stabilizer, of a mixture consisting
of one or more divalent aliphatic alcohols having from 4 to 15 carbon atoms and of aliphatic or aliphatic/aromatic
compounds, which are liquids or liquefy below 80°C and which contain alcoholic and/or ketonic functional groups. The
said stabilizing mixture is added to the electrical insulating material in quantities of between 0.3 and 5% by weight. The
insulating material is based on a polyolefin such as, for example, a low-density polyethylene cross-linked via peroxide.
The aforesaid insulating material is said to show improved dielectric resistance over time even in the presence of
moisture, offering protection against growth of the so-called "water trees" and against occurrence of the so-called
"electrical trees". Both acetophenone and benzophenone are mentioned among the materials constituting the aforesaid
stabilizing mixture.
[0014] DE 2 709 139 describes the use of a diaryl-ketonic carboxylic acid or of an ester thereof, in quantities that
range from 0.1 to 5% by weight, as electrical voltage stabilizer in a polyolefin-based insulating material. The said voltage
stabilizer is said not to interfere with the cross-linking process and would not be inactivated by peroxides only because
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it is generated "in situ" by decomposition of the cross-linking agent itself. As an example of a voltage stabilizer, benz-
ophenone-2-carboxylic acid, deriving from the decomposition of the cross-linking agent 3-t-butylperoxy-3-phenylphthal-
ide, is in fact mentioned.
[0015] JP 47-28042 describes the use of benzophenone or benzophenone substituted with alkyl groups, aryl groups,
halogen, or OH groups with poly alpha-olefins to improve dielectric breakdown strength in insulation of high-voltage
cables or electrical machine. As an example of benzophenone derivatives 2-hydroxy-4-n-octyloxy benzophenone, 2,2'-
dihydroxy-4-n-oxyloxybenzophenone, 2,2'-dihydroxy-4-n-dodecylbenzophenone, 2,2'-dihydroxy-4-n-dodecyloxyben-
zophenone, 2,2'-dichloro-4-methylbenzophenone, 2,2'-dihydroxy-4-n-butyloxybenzophenone, 2-bromo-4-methylben-
zophenone are mentioned.
[0016] GB 1304112 describes a method for the polymerization of monomers and crosslinking of polymers with radi-
ation. Insulation on electrical conductors can be crosslinked with the predominantly continuum visible light radiation
from the radiation source by exposing the insulated conductor to the predominantly continuum visible light radiation.
The rate and extent of crosslinking can be enhanced by blending the crosslinkable polymer with photosensitizers
among which benzophenone, 3- or 4-methylbenzophenone or 3- or 4-methoxybenzophenone are mentioned.
[0017] Therefore, the need to produce electrical cables equipped with a polyolefin insulating covering having im-
proved electrical properties, in particular high values of dielectric strength and stability over time, but using conventional
cross-linking systems, is still keenly felt.
[0018] The Applicant proposed to satisfy this need by adding a voltage stabilizer having the following group of prop-
erties to the material that constitutes the insulating layer of the cable:

- ability to increase the lifetime and the dielectric strength of the insulating layer without substantially altering the
other electrical properties required for an insulating material, in particular low dielectric loss (tandelta) values;

- high stability in the insulating material over time thanks to a reduced ability to migrate towards the external surface
of the insulating layer itself. In fact, the migration of the additive involves a loss of the stabilizing effects over time,
above all in the interface zone between the internal semiconducting layer and the insulating layer where probability
of partial discharges is the greatest;

- substantial inertness towards commonly used cross-linking agents, in particular organic peroxides, thus avoiding
phenomena of inhibition of the cross-linking reaction and/or alteration or destruction of the additive itself during
the cross-linking process;

- chemical and physical properties which make the use of the additive in the cable production process convenient
and safe, in particular suitable boiling point (B.Pt.), melting point (M.Pt.) and ignition temperature (flash point)
values, and substantial lack of toxicity.

[0019] The Applicant has found that this objective is achieved by using, as voltage stabilizers, benzophenones sub-
stituted with functional groups as defined hereinbelow.
[0020] Thus, according to a first aspect, the present invention concerns an electrical cable comprising at least one
conducting element, at least one polyolefin-based insulating covering layer, in which the said covering layer comprises
at least one voltage stabilizer, characterized in that the said voltage stabilizer is a benzophenone substituted with at
least one group selected from alkyl. arylalkyl, and alkylaryl, and in that the said group:

a) is linked to a phenyl ring of the benzophenone directly or via an oxygen bridge (-O-);
b) contains, optionally, one or more oxygen bridges (-O-); and
c) is optionally linked to a phenyl ring of at least one other benzophenone group,
provided that when said at least one group is an alkyl, optionally substituted, the carbon atom of the said alkyl
which is directly linked to a phenyl ring of the said benzophenone is tertiary.

[0021] In a preferred embodiment the total number of carbon atoms of said at least one group is greater than 8. The
presence of at least one group with more than 8 carbon atoms improves compatibility of the voltage stabilizer with the
polyolefin-based insulating material, thus decreasing exudation (migration) of the additive from the insulating material.
[0022] According to a preferred aspect, the voltage stabilizer is a substituted benzophenone of formula (I):
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wherein:

R1, R2, R3 and R4, equal or different from each other, are selected from:

- hydrogen;
- C6-C14 aryl, substituted with at least one group selected from C1-C30 alkyl, C1-C30 alkoxy and C6-C14 aryloxy;
- C1-C30 alkyl, optionally substituted with at least one group selected from C6C14 aryl, C1-C30 alkoxy and C6-C14

aryloxy;
- C1-C30 alkoxy, optionally substituted with at least one group selected from C6-C14 aryl and C6-C14 aryloxy;
- C6-C14 aryloxy, optionally substituted with at least one group selected from C6-C14 aryl, C1-C30 alkyl, C1-C30

alkoxy;
- a group of formula:

wherein:

- R1', R2', R3' and R4', equal or different from each other, are selected from the same groups indicated above for
R1, R2, R3 and R4; and

- -Q- is a group of formula -O-R5-O", where R5 is selected from:

C1-C30 alkylene, optionally substituted with at least one group selected from C6-C14 aryl, C1-C30 alkoxy and
C6-C14 aryloxy;
C6-C14 arylene, optionally substituted with at least one group selected from C1-C30 alkyl, C1-C30 alkoxy and
C6-C14 aryloxy;

wherein, optionally, the alkyl and alkoxy groups have one or more oxygen bridges (-O-) along the aliphatic chain;
provided that:

at least one of the substituents R1, R2, R3 and R4 is different from hydrogen; and
when said at least one group is an alkyl, optionally substituted, the carbon atom of the said alkyl which is
directly linked to a phenyl ring of the said benzophenone is tertiary.

[0023] According to the present invention, when the benzophenone of formula (I) according to the present invention
is used in a cross-linking system, R1, R2, R3, R4, R1', R2', R3 and R4' have the meanings indicated above, provided
that when at least one of these is a C1-C30 alkyl, optionally substituted as indicated above, the carbon atom of the said
alkyl which is directly linked to a phenyl ring of the said benzophenone is tertiary.
[0024] It has in fact been found that these compounds are more stable towards the cross-linking agents, in particular
towards the peroxides, than corresponding compounds having alkyl substituents which have benzylic hydrogens. In
this way, a possible interaction between the voltage stabilizer and the cross-linking agent is substantially avoided.
[0025] Preferably, the said polyolefin is a polyolefin cross-linked via radicals, still more preferably cross-linked via
peroxides.
[0026] Typically, the said voltage stabilizer has a boiling point higher than the extrusion temperature of the insulating
material. Further, to guarantee an optimal dispersion of the stabilizer in the polymeric material, the said stabilizer
preferably has a melting point lower than the extrusion temperature of the insulating material.
[0027] Typically, using polyethylene as the insulating material, the said voltage stabilizer preferably has a boiling
point higher than 180°C and a melting point lower than 150°C. In order to avoid handling problems with the said voltage
stabilizer, particularly in the cable production stage, it preferably has an ignition temperature (flash point) higher than
110°C.
[0028] Preferably, the quantity of the said voltage stabilizer in the insulating layer ranges from 0.1 to 5% by weight
relative to the total weight of the said insulating layer, and still more preferably it ranges from 0.5 to 2%.
[0029] In a preferred embodiment, the said insulating covering layer of the cable according to the present invention
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is cross-linked using a peroxide selected from the group comprising dicumyl peroxide, tert-butyl peroxide, tert-butyl
cumyl peroxide, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, -bis(tert-butylperoxy)diisopropylbenzene, and the like, or
mixtures thereof.
[0030] Besides the said polyolefin, the said peroxide and the said voltage stabilizer, the insulating layer of the cable
according to the present invention can also comprise other conventional additives such as, for example, antioxidants,
processing aids, lubricants, pigments, "water-tree retardant" additives, and the like.
[0031] According to a second aspect, the present invention concerns a polyolefin-based insulating composition com-
prising at least one voltage stabilizer, characterized in that the said voltage stabilizer is a benzophenone substituted
with at least one group selected from alkyl, arylalkyl, and alkylaryl, and in that the said group:

a) is linked to a phenyl ring of the benzophenone directly or via an oxygen bridge (-O-);
b) contains, optionally, one or more oxygen bridges (-O-); and
c) is optionally linked to a phenyl ring of at least one other benzophenone group,

provided that when said at least one group is an alkyl, optionally substituted, the carbon atom of the said alkyl which
is directly linked to a phenyl ring of the said benzophenone is tertiary,
and with the proviso that said substituted benzophenone is different from 3- or 4-methoxy-benzophenone. Preferably
the said voltage stabilizer is a substituted benzophenone of formula (I) as defined above. In a preferred embodiment
the total number of carbon atoms of said at least one group is greater than 8.
[0032] Examples of C6-C14 aryl groups are phenyl, naphthyl, anthracyl, biphenyl and the like. Preferably, the aryl
group is phenyl.
[0033] "C1-C30 alkyl" means an aliphatic group, linear or branched, of formula -CnH2n+1, where n is an integer from
1 to 30, or a cycloalkyl group of formula -CmH2m, where m is an integer from 3 to 30. Examples of C1-C30 alkyl groups
are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 1-methyl-butyl, 1-ethyl-butyl, 1,1-dimethyl-
butyl, 1-methyl-1-ethyl-butyl, 1,2-dimethyl-butyl, 1-methyl-2-ethyl-butyl, 1,3-dimethyl-butyl, cyclobutyl, cyclohexyl,
2-methyl-cyclohexyl, 3-methylcyclohexyl, 4-methylcyclohexyl, and the like, and superior homologues thereof.
[0034] Preferably, the C1-C30 alkyl group is a tertiary alkyl group such as, for example, tert-butyl, 1,1-dimethyl-butyl
and 1-methyl-1-ethyl-butyl.
[0035] With "C1-C30 alkoxy" it is meant

- a group of formula -O-CpH2p+1 where p is an integer ranging from 1 to 30, or
- a chain of general formula

in which R6 is a C1-C4 alkyl and q, r, s and t are 0 or an integer ranging from 1 to 30, provided that the total number of
carbon atoms ranges from 2 to 30.
[0036] Examples of alkoxy groups are -OCH3,-OC2H5, -O-(CH2)tCH3 (t integer between 2 and 24), -O-CH(CH3)CH3,
-O-C(CH3)3, -OCH2OCH3, -OCH2OCH2OCH3, -O(CH2O)4CH3,-OCH2CH2OC2H5, -O-CH2OCH2OC2H5, and the like,
and superior homologues thereof.
[0037] Preferably, alkoxy is a group of formula -O-CpH2p+1 where p is an integer ranging from 1 to 20, even more
preferably from 5 to 20.
[0038] Examples of C6-C14 aryloxy groups are phenyloxy, naphthyloxy, p-phenyl-phenyloxy and the like. Preferably,
aryloxy is a phenyloxy group.
[0039] Preferably, -Q- is a group of formula -O-(CH2)u-O-, where u is an integer ranging from 1 to 24, even more
preferably from 5 to 15.
[0040] Typical examples of substituted benzophenones according to the present invention are those selected from
the group comprising:, 2,4-dioctyloxy-benzophenone, 4(1,1-dimethyl-1-tridecyl) benzophenone, 4,4'-di-tertbutyl-ben-
zophenone, 4-dodecyloxy-benzophenone, 1,12-di-4-benzoylphenoxy dodecane, 4-octadecyloxy-benzophenone and
4,4'-di-dodecyloxy-benzophenone.
[0041] Preferably, the substituted benzophenone of the present invention is selected from 2,4-dioctyloxy-benzophe-
none, 4(1,1-dimethyl-1-tridecyl)benzophenone, 4,4'-di-tert-butylbenzophenone, 4-dodecyloxy-benzophenone,
1,12-di-4-benzoylphenoxy dodecane, 4-octadecyloxy-benzophenone and 4,4'-di-dodecyloxy-benzophenone.
[0042] Characteristics and advantages of the invention will now be described with reference to the following figures
in which:

Figure 1 shows a perspective view of an insulated electrical cable according to the invention,

-O-(CH2O)q(CH2CH2O)r(CH(CH3)CH2O)s(CH2CH(CH3)O)tR6
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Figure 2 is a vertical sectional view of a test piece utilised for evaluation of the dielectric strength of the material
constituting the insulating layer of the cable of the present invention,
Figure 3 is a top view of the internal bottom of the test piece of Figure 2.

[0043] In Figure 1, indicates an insulated electric cable as a whole, comprising a metallic conductor 2, an internal
semiconducting layer 3, an insulating layer 4, an external semiconducting layer 5, a metallic screen 6, of wound wires
or conducting bands, then covered with a sheath 7.
[0044] The internal and external semiconducting layers 3 and 5 are made of suitable conventional materials, extruded
onto the conductor 2, separately or simultaneously with the insulating covering layer 4 according to the present inven-
tion. The screen 6 and the sheath 7 are also made using standard materials and techniques. At least one of the
semiconducting layers 3 and 5 can optionally incorporate one or more voltage stabilizers according to the present
invention.
[0045] The polyolefin constituting the base of the insulating material can be selected, for example, from: polyolefins
(homopolymers or copolymers of different olefins), copolymers of olefins/ ethylenically unsaturated esters, polyesters,
polyethers, copolymers of polyethers/polyesters, and mixtures thereof. Examples of such polymers are: polyethylene
(PE), in particular high density PE (HDPE), low density PE (LDPE), linear low density PE (LLDPE), very low density
PE (VLDPE); polypropylene (PP); thermoplastic propylene/ethylene copolymers; ethylene-propylene (EPR) or ethyl-
ene-propylene-diene (EPDM) rubbers; natural rubbers; butyl rubbers; ethylene/vinylacetate copolymers (EVA); ethyl-
ene/methyl-acrylate copolymers (EMA); ethylene/ethyl-acrylate copolymers (EEA); ethylene/butyl-acrylate copolymers
(EBA); thermoplastic ethylene/alpha-olefin copolymers, and the like.
[0046] The substituted benzophenones according to the present invention can be found on the market or they may
be prepared with synthetic methods well known to anyone of ordinary skill in the field.
[0047] For example, when an aromatic ring of the benzophenone of formula (I) is substituted by an alkyl and/or an
aryl as described above, this can be produced by reacting benzoyl chloride with a phenyl group suitably substituted
by aryl and/or alkyl, in the presence of a Lewis acid in a polar organic solvent in accordance with the Friede) Crafts
reaction (J. March, "Advanced Organic Chemistry", 3rd Ed., 1985, pp. 479-484).
[0048] In the case where an aromatic ring of the benzophenone of formula (I) is substituted by an alkoxyl as described
above, this can be produced by reacting a hydroxybenzophenone with a suitable alkyl halide in the presence of a base
in accordance with the Williamson reaction (J. March, "Advanced Organic Chemistry", 3rd Ed., 1985, pp. 342-343).
[0049] Some examples of the preparation of the said substituted benzophenones are illustrated in more detail in the
experimental part of the present invention.
[0050] The structure and the function of the test piece illustrated in Figures 2 and 3 are described in detail in the next
chapter devoted to the "Tests of Dielectric Strength".
[0051] The present invention is now further described by the following Examples and Tests which are solely for
illustrative purposes and must not be considered to limit the invention in any way.

EXAMPLE 1

Preparation of 4,4'-di-tert-butyl benzophenone (ADD4)

[0052] Carbon tetrachloride (160 ml, 1.65 moles) and aluminium trichloride (49.3 g; 0.37 moles) were loaded into a
1 litre flask, equipped with hydrochloric acid trap and mechanical stirrer. The temperature of the mixture obtained was
brought to 5°C using an ice-bath and tert-butylbenzene (115.6 ml, 0.74 moles) was added dropwise over 2 hours,
maintaining the temperature below 10°C. After the addition of about 1/3 of the tert-butylbenzene, a sudden increase
in the temperature was observed, thus indicating the initiation of the reaction. Once the addition of the tert-butylbenzene
had been completed, the mixture was left at ambient temperature for 18-20 hours. When a compact solid formed,
rendering the stirring of the mixture difficult, water (150 ml) was added with continuous stirring; and a rise in the tem-
perature to 70-80°C was observed. After 3 hours, the phases were separated; the organic phase was washed with
water (3 x 80 ml) and the aqueous phases obtained from this washing were combined and washed with methylene
chloride (2 x 50 ml). The organic phases were combined, dried and the solvent removed. The solid obtained was
crystallized from absolute ethanol (150 ml) and the dark-coloured precipitate was again crystallized from absolute
ethanol with the addition of activated carbon. The product was sublimed (120°C, 0.5 - 1 mm Hg) in order to obtain the
desired product (sublimate) in the form of a white solid (M.Pt. = 134 -135°C).
MS (m/e, rel. int.): 294 (24), 279 (12), 161 (100).
1H NMR (CDC13, δ): 1.35 (s, 18H); 7.1 (d, 4H), 7.7 (d, 4H).
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EXAMPLE 2

Preparation of 4-dodecyloxy benzophenone (ADDS)

[0053] 4-hydroxybenzophenone (10.6 g; 0.05 moles) was suspended in dodecyl bromide (37 g; 0.15 moles) under
nitrogen under reflux. When the solution became homogeneous, sodium carbonate (49.3 g; 0.10 moles) was added
and the mixture was left under reflux for 12 hours. After cooling, the unreacted dodecyl bromide was removed under
vacuum. Methylene chloride (10 ml) was added to the product, and after filtration the solvent was removed in order to
obtain a chestnut-coloured dry product which was crystallized from hexane.
[0054] In this way, the desired product was obtained in the form of white flakes (yield 82 %; M.Pt. = 63 - 64°C).
MS (m/e, rel. int.): 366 (4), 211 (100), 121 (40), 105 (40), 77 (13)
1H NMR (CDC13, δ): 1.2 (t, 3H), 1.3 -1.5 (m, 20H), 4.14 (t, 2H), 6.93 (d, 2H), 7.50 (m, 3H), 7.80 (m, 4H).

EXAMPLE 3

Preparation of 1,12-di-4-benzoylphenoxydodecane(ADD8)

[0055] The same procedure was used as in the previous Example 3, except that 4-hydroxy-benzophenone (2 moles)
was suspended in 1,12-dibromododecane (5 moles) instead of in dodecyl bromide, at 160°C for 12 hours. The crude
product was diluted in methylene chloride (100 ml), filtered and washed thoroughly with methylene chloride. The com-
bined organic phases were washed with water and taken to dryness to remove the solvent. The dry product was
crystallized from ethanol (1:15).
[0056] In this way, the desired product was obtained (M.Pt. = 137-138°C). MS (m/e, rel. int.): 562 (1.7), 211 (12),
121 (40), 105 (100), 77 (30) 1H NMR (CDC13, δ): 1.14 (m, 16H), 1.81 (q, 4H), 4,14 (t, 4H), 6.94 (d, 4H), 7.52 (m, 6H),
7.79 (m, 8H).

EXAMPLE 4

Preparation of 2.4-di-octiloxy benzophenone. (ADD 11)

[0057] 2,4-dihydroxybenzophenone (5 g, 23 mmol) and polyethylenglycol (PEG 6000) (1 g) in toluene (25 ml) and
NaOH 30% (6,26 g, 47 mmol) were loaded into a 100 ml three-necked flask. The solution was kept under reflux with
Dien-Stark to remove water. The solution was cooled at 40°C. Dimethylsulfoxide (DMSO) (7 ml) and octylbromide (8
ml, 47 mmol) were added and the solution thus obtained was kept under reflux with Dien-Stark for 8 hours. NaOH 30%
(30 ml) and methylisobutylketone (MlBK) (10 ml) were added. The aqueous phase containing the unreacted dihydroxy-
benzophenone sodium salt was separated from the solution. The organic phase was washed with water. The aqueous
phase was reextracted with MlBK (10 ml). Both aqueous and organic phases were cloudy (the organic phase was
filtered on silica). After removal of the solvent from the organic phase the crude product was dissolved in cool ethyl-
acetate (9 ml) and methanol (65 ml) was added. The product crystallized at - 5°C. The product was recrystallized from
methanol at 30 °C cooling upto 10°C (yield 35%; m.pt. 37,7-38,1 °C).

EXAMPLE 5

Preparation of 4 (1.1-dimethyl-1-tridecyl)benzophenone(ADD12).

[0058] Benzoyl chloride (14,64 g, 0,1041 mol) dissolved in methylene chloride (60 ml) was loaded in a 250 ml three-
necked flask, and aluminun trichloride (5,09 g, 0,038 mol) was added to the solution mantaining the temperature at 5
°C. The solution thus obtained was clear and light yellow. 1,1-dimethyl-1 -tridecyl benzene (10 g, 0,0347 mol) was
slowly added to the light yellow solution, the latter changing colour and becoming brown after thirty minutes. The
reaction was left at a temperature of 5 °C for five hours and thirty minutes. NaOH 4M (80 ml) was added dropwise to
the reaction mixture, mantaining the temperature lower than 5 °C. The two phases were shaked over night. The crude

Elemental Analysis

C25H34O2 C H O

% found 81.8 9.3 8.6

% calculated 81.92 9.35 8.73
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product was distilled with a Buchi apparatus (b.pt.=160 °C at a P=1 mbar, yield 53%).

Tests

A. Materials Used.

[0059] The materials used were:

- LDPE: low density polyethylene (δ = 0.922 g/cm3; MFI = 2 g/10 min; RibleneTM FL30 from Polimeri Europa).
- XLPE: LDPE + dicumyl peroxide (DiCumTM from Hercules, 2% by weight) + antioxidant (SantonoxTM R from Mon-

santo, 0.2% by weight).

Additives Examined:

[0060]
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B. Preparation of the Insulating Mixture

[0061] The low-density polyethylene (LDPE) is weighed and heated in a hot-air oven for 2 hours at 70°C.
[0062] The antioxidant and the peroxide are mixed and placed in the oven at 70°C until a clear solution is obtained.
This mixture is then added to the preheated LDPE.
[0063] This mixture is maintained at 70°C in a hot-air oven for 1 hour, for partial absorption of the additive in the
XLPE granules.
[0064] The material is then processed in a double-screw Brabender Plasticoder PL2000 laboratory apparatus
equipped with metering device by means of which the additive is introduced.
[0065] From the said apparatus, the mixture is obtained in the form of filaments or granules.
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C. Dielectric Strength Tests

[0066] With reference to Fig.2, the test pieces (20) used for the DS tests are pressed "beakers" of insulating material
(Fig.2).
[0067] The said test pieces (20) are prepared from the mixture in the form of filaments deriving from the double-
screw apparatus. The said material is compacted under pressure at 130°C so as to obtain a plate of 10 mm thickness.
From this are cut disks, from which the test pieces (20) are moulded (125 - 130°C; 100 bar) ,subjected to cross-linking
for 40 minutes at 180°C and then cooled over about 35 minutes. They are then again heated to 130°C for 30 minutes
and, finally, at 70°C for 64 hours in the oven to degas the cross-linking by-products . The bottom of the test pieces is
then lacquered, both inside (21) and outside (22), with graphite-based semiconducting lacquer, which, thanks also to
the properly designed internal profile, makes it possible to apply high electrical gradients. During the pressing, eight
pointed cavities (23) are cut on the bottom of these test samples, with a radius of curvature of 5 microns, which simulate
the strongly divergent electric field conditions that may be encountered in the vicinity of some types of defect present
in real cables.
[0068] The arrangement of the individual pointed cavities (23) on the bottom of the test pieces (20) is illustrated in
Figure 3.
[0069] The DS measurements were made by applying to these test pieces, through flat electrodes placed in contact
with the inside and outside face of the bottom of the test piece, a 50 Hz alternating current, increasing (voltage gradient
= 2 kV/sec) until the test pieces were perforated.
[0070] After the test, the pointed cavity at which the discharge occurred is identified, and the thickness between the
tip of the point and the outside base of the beaker-shaped test piece is measured. For each test cycle, 9 test pieces
are used. The voltage values that caused perforation in each sample (divided by the thickness of the insulating material
of the test piece and hence expressed in kV/mm) were processed statistically. The value reproduced in Table 1 corre-
sponds to the Weibull alpha value of the experimental data distribution.
[0071] For each material evaluated, at least three cycles of DS tests were performed, for a total of 27 test pieces.
The DS values of the material tested were expressed as MVS (molal voltage stabilization), or as the difference between
the DS of a material containing the additive and the DS of the same material without additive divided by the number
of moles of additive added per kg of polymer.
[0072] The results obtained are shown in Table 1.

[0073] Table 1 shows that the additives of the present invention lead to a considerable increase in the dielectric
strength (both measured as the absolute value (DS) and as the MVS) of the insulating material compared to the com-
parison additives (ADD2, and ADD6).

D. Long Term Electrical Tests

[0074] The long term electrical tests were carried out with test pieces exactly the same as those illustrated in Fig.2,
except that they had a flat bottom both internally and externally. This type of test piece was chosen because, being
flat, it makes it possible to exert better control over the gradient applied, whose consistency from sample to sample is

Table 1

Mixture Additive
% (wlw)

Mean DS
(kV/mm)

MVS
kV.kg.mole-1)

XLPE -- 12 --

XLPE+ADD2 3 18 35.4

XLPE + ADD4* 1 22 294.4

XLPE + ADDS 1 20.4 307.9

XLPE+ADD6 5 13.3 8.5

XLPE + ADD8* 2 31.5 548.6

XLPE + ADD9 2 33.5 484.5

XLPE + ADD10 1 17.0 275.4

XLPE+ADD11 1 25.1 574.9

*Additives of the present invention
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fundamental for correct ageing. During the test, an alternating current is applied to a series of 10 test pieces immersed
in silicone oil, and is increased of 2.5 KV/houruntil the test pieces were perforated. The values of the discharge times
and voltage gradients for the different test pieces are then processed statistically. The value reproduced in Table 2
corresponds to the Weibull alpha value of the distribution of the experimental data.
[0075] The test pieces are prepared in a manner analogous to that illustrated for the test pieces of Fig.2, but with
flat bottoms and a bottom thickness of about 0.5 mm. Thus, knowing the value of the electrical voltage applied, it is
possible to link a discharge time with each ageing electrical gradient (kV/mm).
[0076] The tests are performed at ambient temperature, so that purely electrical ageing is simulated.
[0077] The results are shown in the following Tables 2.

E. Cross-linking Process

[0078] The effect of the different additives during the cross-linking process is ascertained by ODR measuring with
the Monsanto rheometer, of the Rheometer ODR2000E type, in accordance with the standard ASTM D 2084-93. The
tests were performed on XLPE to which various concentrations of additives had been added. These measurements
made it possible to evaluate the level of cross-linking of each mixture by recording the torque vs. time curve at 180°C
(oscillation angle = 3°) by determination of the MH (maximum torque) value.
[0079] The results are shown in Table 3 below.

[0080] Table 3 shows that the comparison additives (ADD3, ADD6 and ADD7) interfere considerably with the cross-
linking process, while the additives of the present invention maintain values essentially unchanged compared to the
material devoid of additive.

F. Exudation (migration) of the additive:

[0081] For each additive, the characteristic absorption peaks in the infrared range were identified and the calibration
curve was determined (IR absorption vs. additive concentration).
[0082] For each mixture under examination, films (thickness 100 microns) were formed by compression of 4 g of
mixture in an electrical press under the following conditions:

Table 2

Mixture Additive
% (w/w)

Mean DS kV/mm

XLPE -- 60

XLPE+ADD5 2 94

XLPE+ADD11 1 89

XLPE + ADD11 3 107

XLPE + ADD11 2 98

Table 3

Mixture Additive
% (w/w)

MH

XLPE -- 25

XLPE + ADD2 3 26

XLPE+ADD3 3 11

XLPE + ADD4* 3 25

XLPE + ADD5 1 23

XLPE+ADD6 3 10

XLPE + ADD7 3 12

XLPE + ADD11 2 23

XLPE + ADD12* 2 21
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- preheating: 5 minutes at 130°C;
- pressure: 200 bar;
- temperature increase to 180°C;
- extraction from plate: after cooling for 10 minutes.

[0083] The cross-linked films were divided into two groups:

- the first one was subjected to ageing at ambient temperature (Table 4);
- the second one was subjected to ageing in an oven at 90°C to simulate the behaviour of the cable in operation

(Table 5).

[0084] Tables 4 and 5 show that additives ADDS, ADD8, ADD9, ADD10, ADD11 and ADD12 migrate much less than
the other tested additives.

Claims

1. Electrical cable comprising at least one conducting element, at least one polyolefin-based insulating covering layer
comprising at least one voltage stabilizer, characterized in that the said voltage stabilizer is a benzophenone
substituted with at least one group selected from alkyl, arylalkyl and alkylaryl and in that the said group:

a) is linked to a phenyl ring of the benzophenone directly or via an oxygen bridge (-O-);
b) contains, optionally, one or more oxygen bridges (-O-); and
c) is optionally linked to a phenyl ring of at least one other benzophenone group,

Table 4
Exudation (migration) of the additive in cross-linked samples expressed as residual concentration (% w/w)

compared to the initial quantity (2% w/w);

T = room temperature (20°C)

Time
(days)

ADD2 ADD3 ADD4 * ADDS ADD8 * ADD9 ADD10 ADD11 ADD12 *

0 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

1 0.77 0.92 1.70 1.98 1.99 1.64 1.95 1.98 2.00

6 0.45 0.83 1.50 1.72 1.99 1.39 1.91 1.98 2.00

18 0.29 0.45 0.85 1.33 1.98 1.34 1.90 1.97 1.97

40 0.29 |0.31 |0.75 |1.12 |1.99 |1.28 |1.88 1.95 1.97

Table 5
Exudation (migration) of the additive in cross-linked samples expressed as residual concentration (% w/w)

compared to the initial quantity (2% w/w);

T = 90°C

Time
(days)

ADD2 ADD3 ADD4* ADDS ADDS* ADD9 ADD10 ADD11 ADD12 *

0 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

1 0.39 0.33 0.47 2.00 1.57 1.98 2.00 1.94 1.88

6 0.24 0.19 0.24 1.95 1.57 1.74 1.97 1.94 1.74

18 0.24 0.05 0.02 1.91 1.54 1.72 2.00 1.81 1.65

40 0.00 0.00 0.00 1.49 1.52 1.72 2.00 1.62 1.42
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provided that when said at least one group is an alkyl, optionally substituted, the carbon atom of the said alkyl
which is directly linked to a phenyl ring of the said benzophenone is tertiary.

2. Cable according to Claim 1, wherein said at least one group has a total number of carbon atoms greater than 8.

3. Cable according to Claims 1 or 2, characterized in that the said voltage stabilizer is a substituted benzophenone
of formula (I):

wherein:

R1, R2, R3 and R4, equal or different from each other, are selected from

- hydrogen;
- C6-C14 aryl substituted with at least one group selected from C1-C30 alkyl, C1-C30 alkoxy and C6-C14

aryloxy;
- C1-C30 alkyl, optionally substituted with at least one group selected from C6-C14 aryl, C1-C30 alkoxy and

C6-C14 aryloxy;
- C1-C30 alkoxy, optionally substituted with at least one group selected from C6-C14 aryl and C6-C14 aryloxy;
- C6-C14 aryloxy, optionally substituted with at least one group selected from C6-C14 aryl, C1-C30 alkyl,

C1-C30 alkoxy;
- a group of formula:

wherein:

- R1', R2', R3' and R4', equal or different from each other, are selected from the same groups indicated above
for R1, R2, R3 and R4; and

- -Q- is a group of formula -O-R5-O-, where R5 is selected from: C1-C30 alkylene, optionally substituted with at
least one group selected from C6-C14 aryl, C1-C30 alkoxy and C6-C14 aryloxy; C6-C14 arylene, optionally sub-
stituted with at least one group selected from C1-C30 alkyl, C1-C30 alkoxy and C6-C14 aryloxy;

wherein, optionally, the alkyl and alkoxy groups have one or more oxygen bridges (-O-) along the aliphatic chain;
provided that at least one of the substituents R1, R2, R3 and R4 is different from hydrogen; and
when said at least one group is an alkyl, optionally substituted, the carbon atom of the said alkyl which is directly
linked to a phenyl ring of the said benzophenone is tertiary.

4. Cable according according to any one of the preceding Claims from 1 to 3, characterized in that the said polyolefin
is a polyolefin cross-linked via radicals.

5. Cable according to Claim 4, characterized in that the said polyolefin is cross-linked via peroxides.

6. Polyolefin-based insulating composition comprising at least one voltage stabilizer, characterized in that the said
voltage stabilizer is a benzophenone substituted with at least one group selected from alkyl, arylalkyl, and alkylaryl,
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and in that the said group:

a) is linked to a phenyl ring of the benzophenone directly or via an oxygen bridge (-O-);
b) contains, optionally, one or more oxygen bridges (-O-); and
c) is optionally linked to a phenyl ring of at least one other benzophenone group,

provided that when said at least one group is an alkyl, optionally substituted, the carbon atom of the said alkyl
which is directly linked to a phenyl ring of the said benzophenone is tertiary, and with the proviso that said substituted
benzophenone is different from 3- or 4-metoxy-benzophenone.

7. Composition according Claim 6, wherein said at least one group has a total number of carbon atoms greater than 8.

8. Composition according to Claims 6 or 7, characterized in that the said voltage stabilizer is a substituted benzo-
phenone of the formula (I):

wherein:

- R1, R2, R3 and R4, equal or different from each other, are selected from
- hydrogen;
- C6-C14 aryl substituted with at least one group selected from C1-C30 alkyl, C1-C30 alkoxy and C6-C14 aryloxy;
- C1-C30 alkyl, optionally substituted with at least one group selected from C6-C14 aryl, C1-C30 alkoxy and C6-C14

aryloxy;
- C1-C30 alkoxy, optionally substituted with at least one group selected from C6-C14 aryl and C6-C14 aryloxy;
- C6-C14 aryloxy, optionally substituted with at least one group selected from C6-C14 aryl, C1-C30 alkyl, C1-C30

alkoxy;
- a group of formula:

wherein:

- R1', R2'. R3' and R4', equal or different from each other, are selected from the same groups indicated above
for R1, R2, R3 and R4; and

- -Q- is a group of formula -O-R5-O-, where R5 is selected from: C1-C30 alkylene, optionally substituted with at
least one group selected from C6-C14 aryl, C1-C30 alkoxy and C6-C14 aryloxy; C6-C14 arylene, optionally sub-
stituted with at least one group selected from C1-C30 alkyl, C1-C30 alkoxy and C6-C14 aryloxy;

wherein, optionally, the alkyl and alkoxy groups have one or more oxygen bridges (-O-) along the aliphatic chain;
provided that at least one of the substituents R1, R2, R3 and R4 is different from hydrogen;
and when said at least one group is an alkyl, optionally substituted, the carbon atom of the said alkyl which is
directly linked to a phenyl ring of the said benzophenone is tertiary.

9. Composition according to Claims from 6 to 8, characterized in that the said C1-C30 alkyl is an aliphatic group,
linear or branched, of formula -CnH2n+1, where n is an integer from 1 to 30, or a cycloalkyl group of formula -CmH2m,
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where m is an integer from 3 to 30.

10. Composition according to Claims from 6 to 9, characterized in that the said C1-C30 alkoxy is

- a group of formula -O-CpH2p+1 where p is an integer ranging from 1 to 30, or
- a chain of general formula
-

- in which R6 is a C1-C4 alkyl and q, r, s and t are 0 or an integer ranging from 1 to 30, provided that the total
number of carbon atoms ranges from 2 to 30.

11. Composition according to Claims from 6 to 10, characterized in that the said -Q- is a group of formula -O-(CH2)
u-0-, where u is an integer ranging from 1 to 24

12. Composition according to any one of the preceding Claims from 6 to 11, characterized in that the said substituted
benzophenones are those selected from the group comprislng:2,4-dioctyloxy-benzophenone, 4(1,1-dimethyl-1-tri-
decyl) benzophenone, 4,4'-ditert-butyl-benzophenone, 4-dodecyloxy-benzophenone, 1,12-di-4-benzoylphenoxy
dodecane, 4-octadecyloxy-benzophenone and 4,4'-di-dodecyloxy-benzophenone.

Patentansprüche

1. Elektrisches Kabel, umfassend mindestens ein leitendes Element, mindestens eine Isolationsschutzschicht auf
Polyolefinbasis, umfassend mindestens einen Spannungsstabilisator, dadurch gekennzeichnet, dass der Span-
nungsstabilisator ein Benzophenon ist, substituiert mit mindestens einer Gruppe, ausgewählt aus Alkyl, Arylalkyl
und Alkylaryl, und dadurch, dass die Gruppe:

(a) mit einem Phenylring des Benzophenons direkt oder über eine Sauerstoffbrücke (-O-) verknüpft ist;

(b) gegebenenfalls eine oder mehrere Sauerstoffbrücken (-O-) enthält; und

(c) gegebenenfalls mit einem Phenylring mindestens einer weiteren Benzophenongruppe verknüpft ist,
vorausgesetzt dass, wenn die mindestens eine Gruppe ein Alkyl ist, gegebenenfalls substituiert, das Kohlen-
stoffatom des Alkyls, das direkt mit einem Phenylring des Benzophenons verknüpft ist, tertiär ist.

2. Kabel gemäss Anspruch 1, worin die mindestens eine Gruppe eine Gesamtzahl an Kohlenstoffatomen von mehr
als 8 aufweist.

3. Kabel gemäss Anspruch 1 oder 2, dadurch gekennzeichnet, dass der Spannungsstabilisator ein substituiertes
Benzophenon der Formel (I) ist:

worin:

R1, R2, R3 und R4, die gleich oder verschieden voneinander sind, ausgewählt sind aus

• Wasserstoff;

-O-(CH2O)q(CH2CH2O)r(CH(CH3)CH2O)s(CH2CH(CH3)O)t-R6
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• C6-14-Aryl, substituiert mit mindestens einer Gruppe, ausgewählt aus C1-30-Alkyl, C1-30-Alkoxy und C6-14-
Aryloxy;

• C1-30-Alkyl, gegebenenfalls substituiert mit mindestens einer Gruppe, ausgewählt aus C6-14-Aryl, C1-30-
Alkoxy und C6-14-Aryloxy;

• C1-30-Alkoxy, gegebenenfalls substituiert mit mindestens einer Gruppe, ausgewählt aus C6-14-Aryl und
C6-14-Aryloxy;

• C6-14-Aryloxy, gegebenenfalls substituiert mit mindestens einer Gruppe, ausgewählt aus C6-14-Aryl, C1-30-
Alkyl und C1-30-Alkoxy;

• einer Gruppe der Formel:

worin:

• R1', R2', R3' und R4', die gleich oder verschieden voneinander sind, ausgewählt sind aus den gleichen Gruppen
wie oben für R1, R2, R3 und R4 oben angegebenen; und

• -Q- eine Gruppe der Formel -O-R5-O- ist, worin R5 ausgewählt ist aus: C1-30-Alkylen, gegebenenfalls substi-
tuiert mit mindestens einer Gruppe, ausgewählt aus C6-14-Aryl, C1-30-Alkoxy und C6-14-Aryloxy; C6-14-Arylen,
gegebenenfalls substituiert mit mindestens einer Gruppe, ausgewählt aus C1-30-Alkyl, C1-30-Alkoxy und C6-14-
Aryloxy;

worin, gegebenenfalls, die Alkyl- und Alkoxygruppen eine oder mehrere Sauerstoffbrücken (-O-) entlang der ali-
phatischen Kette aufweisen;
vorausgesetzt, dass mindestens einer der Substituenten R1, R2, R3 und R4 kein Wasserstoff ist; und
wenn die mindestens eine Gruppe ein Alkyl ist, gegebenenfalls substituiert, das Kohlenstoffatom des Alkyls, das
direkt mit einem Phenylring des Benzophenons verknüpft ist, tertiär ist.

4. Kabel gemäss einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass das Polyolefin ein über Radikale
guervernetztes Polyolefin ist.

5. Kabel gemäss Anspruch 4, dadurch gekennzeichnet, dass das Polyolefin über Peroxide quervernetzt ist.

6. Isolierungszusammensetzung auf Polyolefinbasis, umfassend mindestens einen Spannungsstabilisator, dadurch
gekennzeichnet, dass der Spannungsstabilisator ein Benzophenon ist, substituiert mit mindestens einer Gruppe,
ausgewählt aus Alkyl, Arylalkyl und Alkylaryl, und dadurch, dass die Gruppe:

(a) mit einem Phenylring des Benzophenons direkt oder über eine Sauerstoffbrücke (-O-) verknüpft ist;

(b) gegebenenfalls ein oder mehrere Sauerstoffbrücken (-O-) enthält; und

(c) gegebenenfalls mit einem Phenylring mindestens einer weiteren Benzophenongruppe verknüpft ist,

vorausgesetzt dass, wenn die mindestens eine Gruppe ein Alkyl ist, gegebenenfalls substituiert, das Kohlenstoffa-
tom des Alkyls, das direkt mit einem Phenylring des Benzophenons verknüpft ist, tertiär ist, und unter der Voraus-
setzung, dass das substituierte Benzophenon anders als 3- oder 4-Methoxybenzophenon ist.
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7. Zusammensetzung gemäss Anspruch 6, worin die mindestens eine Gruppe eine Gesamtzahl an Kohlenstoffato-
men von mehr als 8 aufweist.

8. Zusammensetzung gemäss Anspruch 6 oder 7, dadurch gekennzeichnet, dass der Spannungsstabilisator ein
substituiertes Benzophenon der Formel (I) ist:

worin:

• R1, R2, R3 und R4, die gleich oder verschieden voneinander sind, ausgewählt sind aus

• Wasserstoff;

• C6-14-Aryl, substituiert mit mindestens einer Gruppe, ausgewählt aus C1-30-Alkyl, C1-30-Alkoxy und C6-14-Ary-
loxy;

• C1-30-Alkyl, gegebenenfalls substituiert mit mindestens einer Gruppe, ausgewählt aus C6-14-Aryl, C1-30-Alkoxy
und C6-14-Aryloxy;

• C1-30-Alkoxy, gegebenenfalls substituiert mit mindestens einer Gruppe, ausgewählt aus C6-14-Aryl und C6-14-
Aryloxy;

• C6-14-Aryloxy, gegebenenfalls substituiert mit mindestens einer Gruppe, ausgewählt aus C6-14-Aryl, C1-30-
Alkyl und C1-30-Alkoxy

• einer Gruppe der Formel:

worin:

• R1', R2', R3' und R4', die gleich oder verschieden voneinander sind, ausgewählt sind aus den gleichen Gruppen
wie oben für R1, R2, R3 und R4 oben angegebenen; und

• -Q- eine Gruppe der Formel -O-R5-O- ist, worin R5 ausgewählt ist aus: C1-30-Alkylen, gegebenenfalls substi-
tuiert mit mindestens einer Gruppe, ausgewählt aus C6-14-Aryl, C1-30-Alkoxy und C6-14-Aryloxy; C6-14-Arylen,
gegebenenfalls substituiert mit mindestens einer Gruppe, ausgewählt aus C1-30-Alkyl, C1-30-Alkoxy und C6-14-
Aryloxy;

worin, gegebenenfalls, die Alkyl- und Alkoxygruppen eine oder mehrere Sauerstoffbrücken (-O-) entlang der ali-
phatischen Kette aufweisen;
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vorausgesetzt, dass mindestens einer der Substituenten R1, R2; R3 und R4 kein Wasserstoff ist; und
wenn die mindestens eine Gruppe ein Alkyl ist, gegebenenfalls substituiert, das Kohlenstoffatom des Alkyls, das
direkt mit einem Phenylring des Benzophenons verknüpft ist, tertiär ist.

9. Zusammensetzung gemäss Ansprüchen 6 bis 8, dadurch gekennzeichnet, dass das C1-30-Alkyl eine lineare
oder verzweigte aliphatische Gruppe der Formel - CnH2n+1, worin n eine ganze Zahl von 1 bis 30 ist, oder eine
Cycloalkylgruppe der Formel -CmH2m ist, worin m eine ganze Zahl von 3 bis 30 ist.

10. Zusammensetzung gemäss Ansprüchen 6 bis 9, dadurch gekennzeichnet, dass das C1-30-Alkoxy ist:

• eine Gruppe der Formel -O-CpH2p+1, worin p eine ganze Zahl im Bereich von 1 bis 30 ist, oder

• eine Kette der allgemeinen Formel

worin R6 C1-4-Alkyl ist und q, r, s und t 0 oder eine ganze Zahl im Bereich von 1 bis 30 sind, vorausgesetzt, dass
die Gesamtzahl an Kohlenstoffatomen im Bereich von 2 bis 30 ist.

11. Zusammensetzung gemäss Ansprüchen 6 bis 10, dadurch gekennzeichnet, dass -Q- eine Gruppe der Formel
-O-(CH2)u-O- ist, worin u eine ganze Zahl im Bereich von 1 bis 24 ist.

12. Zusammensetzung gemäss einem der Ansprüche 6 bis 11, dadurch gekennzeichnet, dass die substituierten
Benzophenone ausgewählt sind aus der Gruppe, umfassend: 2,4-Dioctyloxy-benzophenon, 4-(1,1-Dimethyl-1-tri-
decyl)benzophenon, 4,4' -Di-tert-butylbenzophenon, 4-Dodecyloxy-benzophenon, 1,12-Di-4-benzoylphenoxydo-
decan, 4-Octadecyloxy-benzophenon und 4,4'-Didodecyloxy-benzophenon.

Revendications

1. Câble électrique comprenant au moins un élément conducteur, et au moins une couche de revêtement isolant, à
base de polyoléfine, qui contient au moins un agent de stabilisation de tension, caractérisé en ce que cet agent
de stabilisation de tension est une benzophénone portant au moins un groupe substituant choisi parmi les groupes
alkyle, aryl-alkyle et alkyl-aryle, et en ce que ce groupe

a) est lié à un cycle phényle de la benzophénone directement ou par l'intermédiaire d'un pont oxygène,(-O-),
b) contient éventuellement un ou plusieurs ponts oxygène (-O-),
c) et est éventuellement lié à un cycle phényle d'au moins un autre groupe dérivé d'une benzophénone,

sous réserve que, si ledit groupe, au nombre d'au moins un, est un groupe alkyle, éventuellement substitué, l'atome
de carbone de ce groupe alkyle qui est directement lié à un cycle phényle de ladite benzophénone soit un atome
de carbone tertiaire.

2. Câble conforme à la revendication 1, dans lequel le nombre total d'atomes de carbone dudit groupe au nombre
d'au moins un est supérieur à 8.

3. Câble conforme à la revendication 1 ou 2, caractérisé en ce que ledit agent. de stabilisation de tension est une
benzophénone substituée de formule (I)

-O-(CH2O)q(CH2CH2O)r(CH(CH3)CH2O)S(CH2CH(CH3)O)t-R6
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dans laquelle

R1, R2, R3 et R4, identiques ou différents les uns des autres, sont choisis parmi :

- des atomes d'hydrogène ;
- des groupes aryle en C6-14 portant au moins un substituant choisi parmi les groupes alkyle en C1-30, alcoxy

en C1-30 et aryloxy en C6-14,
- des groupes alkyle en C1-30, portant éventuellement au moins un substituant choisi parmi les groupes

aryle en C6-14, alcoxy en C1-30 et aryloxy en C6-14 ;
- des groupes alcoxy en C1-30, portant éventuellement au moins un substituant choisi parmi les groupes

aryle en C6-14 et aryloxy en C6-14 ;
- des groupes aryloxy en C6-14, portant éventuellement au moins un substituant choisi parmi les groupes

aryle en C6-14, alkyle en C1-30 et alcoxy en C1-30 ;
- des groupes de formule

dans laquelle

- R1', R2', R3' et R4' identiques ou différents les uns des autres, sont choisis parmi les mêmes groupes que
ceux indiqués ci-dessus à propos de R1, R2, R3 et R4,

- et -Q- représente un groupe de formule -O-R5-O- où R5 est choisi parmi les groupes alkylène en C1-30,
portant éventuellement au moins un substituant choisi parmi les groupes aryle en C6-14, alcoxy en C1-30
et aryloxy en C6-14, et les groupes arylène en C6-14, portant éventuellement au moins un substituant choisi
parmi les groupes alkyle en C1-30, alcoxy en C1-30 et aryloxy en C6-14 ;

les groupes alkyle et alcoxy comportant éventuellement un ou plusieurs ponts oxygène (-O-) le long de leur chaîne
aliphatique, sous réserve qu'au moins l'un des substituants R1, R2, R3 et R4 soit autre chose qu'un atome d'hy-
drogène,
et sous réserve que, si ledit groupe, au nombre d'au moins un, est un groupe alkyle, éventuellement substitué,
l'atome de carbone de ce groupe alkyle qui est directement lié à un cycle phényle de ladite benzophénone soit un
atome de carbone tertiaire.

4. Câble conforme à l'une des revendications précédentes 1 à 3, caractérisé en ce que ladite polyoléfine est une
polyoléfine réticulée par voie radicalaire.

5. Câble conforme à la revendication 4, caractérisé en ce que ladite polyoléfine est réticulée à l'aide de peroxydes.

6. Composition isolante à base de polyoléfine, contenant au moins un agent de stabilisation de tension, caractérisée
en ce que cet agent de stabilisation de tension est une benzophénone portant au moins un groupe substituant
choisi parmi les groupes alkyle, aryl-alkyle et alkyl-aryle, et en ce que ce groupe
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a) est lié à un cycle phényle de la benzophénone directement ou par l'intermédiaire d'un pont oxygène (-O-),
b) contient éventuellement un ou plusieurs ponts oxygène (-O-),
c) et est éventuellement lié à un cycle phényle d'au moins un autre groupe dérivé d'une benzophénone,

sous réserve que, si ledit groupe, au nombre d'au moins un, est un groupe alkyle, éventuellement substitué, l'atome
de carbone de ce groupe alkyle qui est directement lié à un cycle phényle de ladite benzophénone soit un atome
de carbone tertiaire,
et sous réserve que ladite benzophénone substituée soit un composé autre que la 3-méthoxybenzophénone ou
la 4-méthoxybenzophénone.

7. Composition conforme à la revendication 6, dans laquelle le nombre total d'atomes de carbone dudit groupe au
nombre d'au moins un est supérieur à 8.

8. Composition conforme à la revendication 6 ou 7, caractérisée en ce que ledit agent de stabilisation de tension
est une benzophénone substituée de formule (I)

dans laquelle

R1, R2, R3 et R4, identiques ou différents les uns des autres, sont choisis parmi :

- des atomes d'hydrogène ;
- des groupes aryle en C6-14 portant au moins un substituant choisi parmi les groupes alkyle en C1-30, alcoxy

en C1-30 et aryloxy en C6-14 ;
- des groupes alkyle en C1-30, portant éventuellement au moins un substituant choisi parmi les groupes

aryle en C6-14, alcoxy en C1-30 et aryloxy en C6-14;
- des groupes alcoxy en C1-30, portant éventuellement au moins un substituant choisi parmi les groupes

aryle en C1-14 et aryloxy en C6-14 ;
- des groupes aryloxy en C6-14, portant éventuellement au moins un substituant choisi parmi les groupes

aryle en C6-14, alkyle en C1-30 et alcoxy en C1-30 ;
- des groupes de formule

dans laquelle

- R1', R2', R3' et R4' identiques ou différents les uns des autres, sont choisis parmi les mêmes groupes que
ceux indiqués ci-dessus à propos de R1, R2, R3 et R4,

- et -Q- représente un groupe de formule -O-R5-O- où R5 est choisi parmi les groupes alkylène en C1-30,
portant éventuellement au moins un substituant choisi parmi les groupes aryle en C6-14, alcoxy en C1-30
et aryloxy en C6-14, et les groupes arylène en C6-14, portant éventuellement au moins un substituant choisi
parmi les groupes alkyle en C1-30, alcoxy en C1-30 et aryloxy en C6-14 ;
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les groupes alkyle et alcoxy comportant éventuellement un ou plusieurs ponts oxygène (-O-) le long de leur
chaîne aliphatique, sous réserve qu'au moins l'un des substituants R1, R2, R3 et R4 soit autre chose qu'un
atome d'hydrogène,
et sous réserve que, si ledit groupe, au nombre d'au moins un, est un groupe alkyle, éventuellement substitué,
l'atome de carbone de ce groupe alkyle qui est directement lié à un cycle phényle de ladite benzophénone
soit un atome de carbone tertiaire.

9. Composition conforme aux revendications 6 à 8, caractérisée en ce que ledit groupe alkyle en C1-30 est un groupe
aliphatique linéaire ou ramifié, de formule -CnH2n+1 où n représente un nombre entier valant de 1 à 30, ou un
groupe cycloalkyle de formule -CmH2m où m représente un nombre entier valant de 3 à 30.

10. Composition conforme aux revendications 6 à 9, caractérisée en ce que ledit groupe alcoxy en C1-30 est

- un groupe de formule -O-CpH2p+1 où p représente un nombre entier valant de 1 à 30,
- ou une chaîne de formule générale

dans laquelle R6 représente un groupe alkyle en C1-4 et q, r, s et t représentent chacun 0 ou un nombre entier
valant de 1 à 30, sous réserve que le nombre total d'atomes de carbone vaille de 2 à 30.

11. Composition conforme aux revendications 6 à 10, caractérisée en ce que ledit groupe -Q- est un groupe de
formule -O-(CH2)u-O- où u représente un nombre entier valant de 1 à 24.

12. Composition conforme à l'une des revendications précédentes 6 à 11, caractérisée en ce que ladite benzophé-
none substituée est choisie dans l'ensemble qui comprend : 2,4-dioctyloxy-benzophénone, 4-(1,1-diméthyl-1-tri-
décyl)-benzophénone, 4,4'-ditertiobutyl-benzophénone, 4-dodécyloxybenzophénone, 1,12-bis(4-benzoylphé-
noxy)dodécane, 4-octadécyloxy-benzophénone et 4,4'-didodécyloxy-benzophénone.

-O-(CH2O)q(CH2CH2O)r(CH(CH3)CH2O)s(CH2CH(CH3)O)t-R6
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